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[57] ABSTRACT

An integrated circuit is shown for use as a controller for
a track sensor used with document processors. The
track sensor includes a light source and a light detector.
The circuit monitors the signal from the light sensing
portion of the sensor, comparing the signal with a stan-
dard value and providing a feedback signal to the light
source to adjust the intensity of the light to compensate
for the effects of aging, holes in a document, the accu-
mulation of dirt on sensor lenses and the like. The cir-
cuit determines when the leading edge of a document
arrives and when the trailing edges pass by. It includes
elements which prevent false indications that the trail-
ing edge has passed when holes go by the sensor.

7 Claims, 8 Drawing Figures
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TRACK SENSOR CONTROLLER

CROSS REFERENCES TO RELATED
APPLICATIONS 5

U.S. patent application No. 110,593 entitled “Con-
stant Spacing Document Feeder,” which was filed in
the name of Daniel Alper on Jan. 9, 1980 and assigned
to the same assignee as the present invention, is hereby
incorporated by reference. U.S. patent application No.
164,004 entitled “Microprocessor Controlled Docu-
ment Feeder,” which was filed in the name of Harold
A. Fasig on June 30, 1980 and now U.S. Pat. No.
4,331,328 and assigned to the same assignee as the pres- {5
ent invention, is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to circuits for use as 20
track sensor controllers for document processors. It
relates further to integrated circuits of use as track sen-
sor controllers for assuring that sensors are maintained
at a level of sensitivity enabling them to detect the pas-
sage of documents with assurance while preventing 25
false indication due to a variety of causes such as in-
creased light transmission through holes or other flaws
in the documents or due to changes in transparency of
lenses caused by the accumulation of foreign matter on
lenses of the sensors. The invention relates further to 30
the provision of circuit designs of use in the production
of integrated circuits to be used as track sensor control-
lers.

2. Description of the Prior Art

Among the known prior art devices are an “Auto- >
matic Gain Control for Photosensing Devices” de-
scribed 1n U.S. Pat. No. 4,097,731 and 4,097,732. Those
patents contain disclosures of sensors for use in appara-
tus where it is necessary to know when objects, such as
documents, pass by a certain point and to provide a
signal accordingly.

U.S. Pat. Nos. 4,097,731 and 4,097,732 relate to appa-
ratus described therein as a beam-of-light (BOL) sensor
having means for regulating the intensity of the sensor
light source to compensate for extraneous factors in its
operating environment, e.g., dust accumulation, compo-
nent aging, misalignment, etc., that may affect consis-
tent sensor operation. The BOL sensor includes a pho-
tosensor whose output signal is compared against a ¢,
reference signal to determine if the light source inten-
sity 1s of the proper level. The comparison signal is used
to gate clock pulses to a counter to adjust its stored
count upward or downward, dependent on whether the
light source intensity is low or high, respectively. A s
hole filter is provided to filter out small, spurious aper-
tures in a sensed object that would otherwise yield a
double detection signal and cause an improper adjust-
ment of the stored count.

The control apparatus disclosed in the referenced gg
patents requires the interconnection of a number of
distinct components to produce the desired results.
Such as assemblage 1s very expensive when compared
to integrated circuits produced in large quantities to
provide the necessary control information. It is an ob- 65
ject, therefore, of the present invention to provide for
integrated circuits capable of operation as track sensor
controllers. -
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2
BRIEF SUMMARY OF THE INVENTION

The present invention relates to a track sensor con-
troller (TSC) which includes means for controlling the
excitation current to an infrared LED positioned along
the document travel path of a document sorting ma-
chine. The TSC provides current sufficient to maintain
the average infrared intensity, as measured by a photo-
transistor mounted opposite the excited LED, at a pre-
selected value. The TSC also includes logic means for
preventing false indications, caused by holes or thin
spots in a document, that a document has passed beyond
the area covered by the sensor.

Several such LED phototransistor pairs will be posi-
tioned astride a document path along a transport track
for use with TSC’s in monitoring the progress of docu-
ments through the transport track of a document sort-
ing machine.

In a preferred embodiment, the novel circuit for
Track Sensor Controller will be produced as two TSC’s
on a single silicon chip in a 28-pin DIP.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 i1s a schematic diagram illustrating the general
configuration of a preferred track sensor controller and

a sensor system for the sorter track of a document sort-
ing machine.

FIGS. 2a and 2b are schematic drawings of an ar-
rangement of electrical components in a preferred em-
bodiment of a track sensor controller.

FIGS. 3A & 3B represent a buffered-raw-sensor sig-
nal and a hole-look-through-sensor signal of use in pre-
venting false indications that the trailing edge of a docu-
ment has passed the sensors. |

FIG. 4 is a digital-to-analog converter for changing
digital signals to analog signals for direct control of an
LED.

FIG. § illustrates curves corresponding to output
values provided by a digital-to-analog converter.

FIG. 6 shows a preferred arrangement of circuits
according to the present invention into an integrated
circuit chip supporting two TSC’s.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 is a schematic representation of a track sensor
controller, or TSC, 10 and an associated sensing station
12. As indicated previously, the track sensor controller
is of primary interest for the present invention. In a
preferred embodiment, as described herein, the track
sensor controller may be composed of a number of
separate commercially available integrated circuits. In
an embodiment preferred for use with a large number of
document sorters, the TSC will comprise an integrated
circuit combining the separate functions of the refer-
enced separate integrated circuits.

The TSC at 10 includes three principle parts. The
first of these is a document leading and trailing edge
detector 14. A second part is a digital-to-analog (D/A)
converter and its associated control logic at 16, which
provides control for a current source I;shown at 18. A
third part is a current alarm at 20 for providing an alarm
signal when there 1s a failure of LED—phototransistor
sensors or when other conditions occur which cause
excursions of the D/A output beyond prescribed limits.

The sensing station at 12 will be positioned along the
transport path of a document feeder, such as that dis-
closed in copending U.S. patent application 110,593
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entitled “Constant Spacing Document Feeder,” which
is referenced above. The sensing station includes a light
emitting diode or LED at 22 and a phototransistor or
PT at 24 which are positioned along opposite sides of a
document path so that, in the absence of an opaque
obstruction, light from the diode will be intercepted by
the phototransistor. A space, indicated by a dashed line
23 labelled “document path™, is provided between the
LED 22 and the PT 24 representing a space along the
path of a document feeder for passage of documents.
The documents generally are opaque and, when pres-
ent, will obstruct light transmitted by the LED toward
the PT. |

When no documents are present in the document
path, light from the LED at 22 to the PT at 24 will be
established at a value determined by a comparison be-
tween the potential over line 100 from the collector of
the phototransistor and a reference potential V 7g. If the
collector value is high, the current supplied from cur-
rent source 18 will be reduced to diminish the power
supplied to the LED. If the potential on the collector is
low, current supplied to the LED will be increased to
increase the emission of light. When a document is
moved through the document path, light from the LED
is blocked between the time the leading edge and the
trailing edge of the document pass between the LED
and the PT, causing the TSC 10 to react as described in
‘the following pages. In the event that light passes
through a hole or a thin spot in a document, means are
provided in the TSC to prevent a false indication that
the trailing edge has passed.

LEADING AND TRAILING EDGE DETECTOR

The edge detector circuits 14, as shown in detail in
FIG. 2, provide a means for precisely detecting the
passage of the leading and trailing edges of each docu-
ment moving along a document path between the LED
22 and the PT 24. They also provide a delayed trailing
edge output signal or hole-look-through signal which is
used to assure that holes or other light transmitting
areas in the document do not cause false indications that
the document has passed by. When the leading edge of
an opaque document breaks the beam from the LED, a
resulting change in conductivity of the phototransistors
24 causes the potential on the collector lead 100 to go
higher and exceed the switch point reference potential
on line 101, thereby causing the output over 102 of the
differential comparator A2, which may be an SN72311,
to go low. The low potential on 102 and clock pulses
over 104 will be applied to the input terminals D & C
respectively of a flip-flop, such as a 74L.S74, at FF2
providing an output at node 106. This output 1s supplied
as input to an SN74161 synchronous 4-bit counter C30
and also to an SN7404 inverter 110. Following receipt
of a signal at terminal MR of C30, the counter will be
reset and held reset either until a hole or a thin spot
occurs in the document or until the document passes
along the DOCUMENT PATH 23 beyond the point
where it obstructs the light path between the LED 22
and the PT 24. When the counter C30 is reset, the A=B
output of the four bit comparator 32 goes low and HL'T
SEN goes high. In response to the signal over 106 from
flip-flop FF2, the inverter 110 will be energized to pro-
vide, at terminal T10, the leading edge of an output
representing the buffered raw sensor signal, or BUF
RAW SEN, as illusirated in FIGS. 3A.

When the trailing edge of a document passes beyond
the path of the light between the light emitting diode 22

10

15

4

and the phototransistor 24, or a hole in a document
allows light to pass between the LED 22 and the P'T 24,
the PT will be illuminated directly by light from the
LED. This will cause the collector voltage over line
100 to the differential comparator A2 to go low and
causes the output over 102 of the differential compara-
tor to go high. The high over 102 causes the flip-flop
FF2 to change its output over 106 enabling the counter
C30 to start counting puises again. The output over 106
also changes the output of I10 causing the output,
shown by the waveform in FIG. 3A, to go low.

As indicated above, when the beam from the LED
strikes the phototransistor due to passage of the trailing
edge of a document or the occurrence of a hole in the
document, the comparator A2’s output goes high and

- counter C30 is allowed to count. The resulting outputs
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of C30 from QO0, Q1, Q2 and Q3 over lines 126, 128, 130
and 132 are then compared in comparator 32 with pro-
grammed inputs over lines 134, 136, 138 and 140 from
terminals A0, A1, A2 and A3. The count from C30
continues until the count equals the A0-A3 program to
establish from 0 to 15 track clock periods, according to
the requirements of the program. As a consequence,

HLT SEN’s trailing or negative edge over terminal
T10, indicated in FIG. 3B, lags BUF RAW SEN’s trail-

ing or negative edge over terminal T12, indicated in

FIG. 3A, by corresponding zero to fifteen clock peri-
ods. This delay feature through its effect on other logic
circuits of FIG. 2 will insure that holes in documents
passing along the document path do not generate false
indications that the trailing edge has passed.

CURRENT SOURCING DIGITAL TO ANALOG

'CONVERTER AND ASSOCIATED CONTROL
o LOGIC o

" A current sourcing digital to analog converter and its
related control circuitry are indicated by block 16 in
FIGS. 1 and 2.
~ An input is supplied over line 100 from the PT collec-
tor to the inverting input of an SN72311 comparator
Al, while a reference voltage representing a Light-
/Dark threshold is supplied over a line 112 to the nonin-
verting input of Al. Consider first the case in which the
voltage from the PT collector exceeds the programmed
intensity of the Light/Dark threshold voltage V rgover
line 112 at the A1 noninverting input and A1’s output
over line 114 is low. A 74LS74 flip-flop FF4 responds
to the comparator A1’s low output on line 114 to pro-
vide a high to AND gate A10 (SN7408) which in coop-
eration with clock pulses over line 104 provides a high
to an OR gate B10 (SN7432). The OR gate, 1n turn,
provides a high to one of three inputs of a positive
NAND gate A30 (SN7410). A second input to NAND
gate A30 is provided from the output of Al over line
114 through an INVERTER 116 which provides a high
to A30. A third input to A30 is provided by a six-bit -
up-down counter C118, C120 via positive NAND gates
A32, A34 (SN7410) and OR gate B12 (SN7432). When
A30 is energized, it provides a up-clock over line 118 to
the six-bit up-down counter which is formed by two
four-bit counters C118, C120 consisting of two
SN74S193’s coupled as shown.

Consider next the case in which the voltage over line
100 from the PT collector is less than the voltage repre-
senting the programmed intensity of the Light/Dark
Threshold over line 112 at the Al inputs, causing Al’s
output over line 114 to be high. The high will be in-
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verted by the {nverter 116 to produce a low as input to
NAND gate A30 thereby precluding an up-clock out-
put from A30 over line 118.

The high produced over line 114, when the condi-
tions of the last paragraph are realized, is applied to one
terminal of a SN7400 positive - NAND gate A22. The
output over line 108 from comparator 32 is supplied to
the D input of a 74L.S74 flip-flop FF6 which provides a
high output over a line 122 to a 74L.S74 flip-flop FF8
and to a 7408 AND gate at A14. A logic clock pulse is
supplied over lie 104 to FF6 and to FF8 causing FF8
to provide a second input over 123 and A14. The AND
gaie A14 then provides a high to the second terminal of
AND gate A22, enabling A22 to provide a down-clock
signal over line 124 to the CPD terminal of the six-bit
up-down counter C118, C120. As briefly indicated
above, the up-down counter is formed of two 741.S193
synchronous four-bit up-down counters coupled as
shown which is used to operate the digital-to-analog
converter, or LED current drive 120.

From the foregoing, it will be seen that the up-down
counter C118, C120 1s clocked up or down by up or
down clock signals over lines 118 and 124 in depen-

dence upon the status of the Light/Dark threshold
comparator Al at the time the delayed trailing edge of

a document is indicated by a hole-look-through sensor
signal HL'T SEN over line 108, going low. If the volt-
age at the phototransistor collector input over line 100
exceeds the programmed intensity threshold voltage
over line 112 at the A1 non-inverting input, A1’s output
1s low and the steering logic provides an up-clock to the

synchronous counter C118, C120 when HL'T SEN goes

low. Incrementing the synchronous counter in this man-
ner increases the LED excitation current by an incre-
ment of one. In a similar way, if the voltage at the PT
collector input 1s less than the programmed intensity
threshold voltage, A1’s output is high. The steering
logic then provides one down-clock to the synchronous
counter C118, C120 when the HL'T SEN next goes low.
The LED excitation current is then decreased by one
count. Thus, once initialized about some operating
point, the L.LED current counter steps alternately up and
down one count with each negative edge on HLT SEN.

In response to a Power on Reset (POR) signal over
line 142 to AND gate A12 or a Reset signal over line
144 through AND gate A20 to AND gate A12 (when
an alarm has been triggered at FF10) a signal will be
supplied over 148 to the inverter I18 and from I18 via
line 164 to the MR terminals of the D/A counter. The
associated current control logic then will establish the
LED operating current at a value determined by the
intensity threshold voltage V 7y appearing on the Light-
/Dark threshold input 112. At the time the D/A
counter, i.e. the up-down counter C118, C120, is reset,
no LED current flows. As a result, the PT collector
voltage at 100 goes higher than the Light/Dark thresh-
old voltage at 112 at A1’s output is low. The low on line
114 steers the logic clock to the up-clock input of the
up-down counter. Thus, the counter increments with
each logic clock until sufficient collector current flows
in the detector transistor to bring the PT collector voit-
age below the Light/Dark threshold voltage. Al’s out-
put then goes high and the initial operating point is
established.

As the light emitting diode LED and the phototran-
sistor PT age, or their lenses become dirty, the intensity
of light detected by the PT decreases. To compensate
for this fall-off in detected light intensity, the D/A
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counter C118, C120 must be incremented to increase
current to the LED and thus increase the light intensity
from the LED.

Changes in the intensity of light from the LED, as
called for in the paragraph above, are provided from
the LED current drive circuit 120 in response to
changes in the output of the six-bit up-down counter
C118, C120. This drive circuit is disclosed in greater
detail in FIG. 4 where a 741.S244 buffer B120 receives
inputs over lines 150, 152 . . . 160 to drive a D/A resis-
tance ladder comprising resistors R150, R152 . . . R160.
'The reststance ladder than, in a well known way, pro-
vides an output power line 162 to the non-inverting
input of an SN72741 operational amplifier A100 in cas-
cade with a second operational amplifier A102 of the
same type. The output of A102 is used to drive a transis-
tor 18 which provides the LED current drive over line
11 to the LED as indicated in FIG. 1.

The inverters 1158 and 1160 coupled over lines 158
and 160 from the six-bit up-down counter switch the
gain of the operational amplifier A100 and, in conjunc-
tion with signals over lines 150, 152, 154 and 156 and
Resistor R150, R152, R154 and R156, provide a piece-
wise linear companding digital-to-analog conversion as
shown in FIG. 3. Resistors R159, R161 and R100 are
directly associated with the gain of the operational
amplifier A100. Resistors R158 and R160 maintain the
monotonic characteristics of the curve in FIG. § from
gain stage to gain stage. Resistors R150, R152, Ri154 and
R156 provide the incremental steps which establish the
piece-wise linear segments.

The output of the LED driver 18 1s limited to the
maximum value set by a count of 64. The limit may be
set to a count of 48 or some other count, if desired, by
arrangement of appropriate connections from the six-bit
up-down counter. -

The curves in FIG. § illustrate the output in milliam-
peres over line 11 as a function of the count 0 through
64 into the buffer B120. The current-step curves shown
in FIG. § are approximate to the values shown and may
be satisfied by any strictly monotonic curve which falls
within envelopes shown on the characteristic curves.
For a zero count, the D/A output current should not be
greater than 100 microamperes. For a full count, a mini-
mum of 50 millamperes and a maximum of 60 milliam-
peres must flow. The full count in the D/A count range
of a preferred embodiment may be any value between
48 and 64 inclusive. The transistor 18 and the feedback
resistor R18 may be selected to provide many ranges of
current drive beyond those set out in this example.
MAXIMUM CURRENT ALARM

To detect the failure of LED phototransistor sensors
or any other conditions in which the D/A output cur-
rent in line 11 approaches the maximum of 60 milliam-
peres, an alarm circuit is employed such as that indi-
cated by block 20 on FIGS. 1 and 2. With this alarm
circuit, as shown in FIG. 2, the up-down, or D/A
counter C118, C120 is coupled via lines 154, 156, 1358
and 160 to an SN741.S21 dual 4 input AND gate A40.
When the D/A counter counts to within four counts of
the maximum D/A count, i.e. 60=111100, high mmputs
on each of lines 154, 156, 158 and. 160 to AND gate A4
will produce a high on line 166. The alarm flip-flop
FF10 is clocked on the next HLT SEN negative edge
and sends an alarm signal over line 168 indicating the
existance of a condition needing correction to outside
intelligence. Over line 170, the flip-flop FF10 will en-
able the RESET imput for AZ20.
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PACKAGING |
Preferred examples of integrated circuits employing

the disclosed track sensor controller, or TSC, circuits

will include two TSC circuits on a single silicon chip

using a 28 pin DIP. All available packaging materials
are acceptable. An example of a preferred arrangement
1s shown in FIG. 6 in which channels 1 and 2 embody
integrated circuits. corresponding to the circuits shown
in FIGS. 2 and 4 and the power transistor 18 is shown
as a separate entity. However, it will be obvious to
those skilled in the art that the number of channels 1s
limited only by the state of the art and the limits of pins
available in the packages.

What is claimed is:

1. A track sensor controller for controlling the excita-
tion current to a light source operable in cooperative
relationship with a light sensor to enable the sensor to
detect documents passing between the light source and
the sensor along the document travel path of a docu-
ment sorting machine, comprising:

a document leading and trailing edge detector indi-
cates first means responsive to signals from the
sensor for providing further signals of use in pre-
venting false indications that a document has
passed beyond an area monitored by the sensor,
where the false indications are caused by light
passing through holes, or other light transmitting
areas, in a document;

said first means including means for comparing sig-

8
the second means includes means responsive to said
additional signals and to said hole-look-through
signals for generating up-count and down-count
signals; and
the second means includes an up-down counter re-
sponsive to said up-count and said down-count
signals to increment or decrement values stored
therein.

5. A circuit for momtonng optlcal sensors of use with

10 document pProcessors, comprising:

135

20

25

nals from the sensor and signals from a source of 30

first reference values to derive signals indicating
whether documents are present,

said first means including means for receiving pro-
grammed input signals for use in establishing sig-
nals of use in preventing a false indication that the
trailing edge of a document has passed when, in

“fact, the edge of a hole has passed;

said first means employing said derived signals to-
gether with said received programmed input sig-
nals to generate hole-look-through signals of use in
preventing false indications that a document has
passed the sensor; and

second means responstve to signals from the sensor
and signals from the first means for providing con-
trol signals to a current source coupled to maintain
the average intensity of the light source at a pre-

.. _ selected value.
2. The invention as claimed in claim 1, in which:

the second means includes means for comparing sig-
nals from the sensor with signals from a second
source of reference values to provide additional
signals indicating whether the document path ap-
pears to be clear of documents, said second means
responding to said additional signals and to said
hole-look-through signals from the first means to
provide said control signals

3. The invention as claimed in claim 1 or 3, in which:

the means for deriving hole-look-through signals
includes a counter and an additional comparator;

said counter being coupled to receive said derived
signals and provide a plurality of counter outputs
to the additional comparator; and

means coupling said received programmed input sig-
nals to said additional comparator for comparison
with said counter outputs;

sald additional comparator responding to said pro-
grammed input signals and said counter outputs to
provide saitd hole-look-through signals.-

4. The invention as claimed in claim 2, in which:
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a leading and trailing edge detector including first
means for comparing signals from a sensor and
signals from a source of first reference values, said
first means including a differential comparator
providing first output signals having a first value
when the signal from the sensor is stronger than the
reference signal, thereby indicating that either a
hole is present in a document or that no document
is present, and having a second value when the
signal is weaker than the reference signal, thereby
indicating that a document is present;

means for receiving programmed input signals for use
in establishing signals of use in preventing a false
indication that the trailing edge of a document has
passed when, in fact, the edge of a hole has passed;

said leading and trailing edge detector including a
counter coupled to count clock pulses during peri-
ods in which it receives digital output signals of a
first value and to produce output signals indicating
the magnitude of said count;

a second comparator coupled to receive said pro-
grammed input signals and said output signals and

generate hole-look-through signals of use in estab-
lishing passage of a hole rather than the trailing
edge of a document;

D/A control means providing control logic for pro-
viding a control signal to control the strength of
signals originating from a sensor;

said control means including a third comparator for
comparing signals from a sensor and from a source
of second reference values and providing second
digzital output signals which are variable from times
when a sensor senses the presence of a document to
times when it senses the document has passed;

said control means including means coupled respon-
sive to said second digital output signals and to said
hole-look-through signals for generating up-count
and down-count signals;

said control means including an up-down counter
responsive to said up-count and said down-count
signals to increment or decrement values stored
therein; and

a drive circuit coupled responsive to changes in the
status of the up-down counter to provide a control
signal for use in regulating the light source of a
SEnsor sysiem.

6. A circuit for use in processing signals from sensors,

comprising:

a document leading and trailing edge detector circuit
including a first comparator for receiving signals
from a sensor and receiving signals from a source
of first reference values;

said comparator providing first digital output signals
having a high or a low value depending upon the
relative magnitudes of said received signals;

means for receiving programmed input signals for use
in establishing signals of use in preventing a false
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indication that the trailing edge of a document has
passed when, in fact, the edge of a hole has passed:;

sald edge detector circuit including a counter cou-
pled to count clock pulses during periods in which
1t receives digital output signals of a first value and
to produce output signals indicating the magnitude
of said count;

a second comparator coupled to receive said pro-
grammed input signals and said output signals and
generate hole-look-through signals of use in estab-
lishing passage of a hole rather than the trailing
edge of a document;

digital-to-analog control means providing control
logic including a third comparator for comparing
signals from said sensor and from a source of sec-
ond reference values and providing second digital
output signals which are variable from times when
the sensor senses the presence of a document to
times when it senses the document has passed;

said means providing control logic including means
by which it is coupled responsive to said second
digital output signals and to said hole-look-through
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signals for generating up-count and down-count
signals;

sald means providing control logic including an up-
down counter responsive to said up-count and
down-count signals to increment and decrement
values stored therein, accordingly; and

a drive circuit coupled to the up-down counter to
provide a control signal for use in adjusting the
operating energy to a sensor.

7. The invention as claimed in claim 5 or 6, in which:

the means providing hole-look-through signals in-
cludes a counter and a third comparator;

said counter being coupled to receive said first digital
output signals and provide a plurality of counter
outputs to the third comparator; and

a source of programmed input signals coupled to said
third comparator for comparison with said counter
outputs;

said third comparator responding to said pro-
grammed input signals and said counter outputs to

provide said hole-look-through signals.
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